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Summary. Total-body irradiation (TBI) is an accepted 
modality to treat patients with disseminated tumors. The 
influence of the treatment on normal tissues is evaluated 
using mice by measuring the rate of the induction and 
distribution of apoptosis, as well as DNA fragmentation 
which occurs in the murine liver within hours of 
irradiation. 
Unanesthetized female C3H/He mice were exposed 
to y-ray TB1 of 2, 7, and 20 gray (Gy) delivered from 
6 0 ~ o  at a dose rate of 114 cGy/min. Frozen sections of 
livers which were excised from the animals at various 
times after irradiation were stained by hematoxylin-eosin 
(H-E) to count numbers of apoptotic cells, or were 
examined to detect DNA fragmentation. 
The percentages of apoptotic cells and length of the 
period during which the maximum levels of the 
percentages were exhibited showed a dose-dependent 
increase in the sections stained with H-E. No positive 
cells for 3'-OH ends of fragmented DNA were found in 
the liver before TBI, whereas positive cells were 
observed immediately after irradiation without dose- 
dependency, these positive cells returned to nearly basal 
levels after several hours. Positive cells were observed 
prior to showing apoptosis, suggesting that DNA 
fragmentation occurs immediately after TB1 independent 
of apoptosis. The difference in the time courses between 
induction of DNA fragmentation and of apoptosis was 
not observed in other organs or in the samples treated 
with the detergent. These results suggested that the 3'- 
OH ends newly generated by TB1 were masked by a 
detergent-soluble DNA-binding molecule which might 
be preferentially present in the murine liver. 
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Introduction 
The radiation dose in therapy is determined based on 
the radiosensitivity of the tumor and the background 
normal tissues. For example, most hepatomas, a radio- 
sensitive tumor, have not been treated with irradiation 
because hepatic epithelia1 cells also have high radio- 
sensitivity (Gunderson and Willet, 1992), excluding the 
selected cases which can be treated with multifield 
irradiation using computed tomography-optimized 
planning. Many clinical or experimental reports 
concerning late hepatic injury caused by irradiation have 
been published (Bollinger and Inglis, 1933; Warren and 
Friedman, 1942; White et al., 1955; Ogata et al., 1963; 
Lewin and Millis, 1973; Fajardo, 1989). However, 
immediate changes, including DNA damage and 
apoptosis induced by high-dose-rate irradiation, have 
never been reported. Evaluating the influence of total- or 
half-body irradiation (HBI) on normal tissues might 
contribute to care for patients, since HBI is an accepted 
modality for treating patients with disseminated tumors 
(Lin and Drzymala, 1992). 
Ionizing radiation, when given in small to moderate 
doses, greatly enhances apoptosis in certain normal 
tissues without producing necrosis (Kerr et al., 1994). 
The importance of apoptosis is becoming clear as 
additional reports of its occurrence in irradiated normal 
and tumor tissues accumulate (Stephens et al., 1991; 
Waters, 1992; Akagi et al, 1993; Meyn, 1993,1994). 
In this report, the induction and distribution of DNA 
fragmentation detected by immunohistochemical stain in 
situ were studied and compared with the induction of 
apoptosis, within hours of irradiation using the murine 
liver as a radiosensitive and relatively homologous 
tissue. 
Materials end methods 
Animals 
Female 8-week-old C3H/He mice were used. They 





